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Accepted 15 September 2014; Published online 29 November 2014AbstractBackground: Different approaches can be adopted for the development of search strategies of systematic reviews. The objective
approach draws on already established text analysis methods for developing search filters. Our aim was to determine whether the objective
approach for the development of search strategies was noninferior to the conceptual approach commonly used in Cochrane reviews (CRs).
Methods: We conducted a search for CRs published in the Cochrane Library. The studies included in the CRs were searched for in
MEDLINE and represented the total set. We then tested whether references previously removed could be identified via the objective
approach. We also reconstructed the original search strategies from the CRs to determine why references could not be identified by the
objective approach. As we performed the validation of the search strategies without study filters, we used only sensitivity as a quality mea-
sure and did not calculate precision.
Results: The objective approach yielded a mean sensitivity of 96% based on 13 searches. The noninferiority test showed that this
approach was noninferior to the conceptual approach used in the CRs (P ! 0.002). An additional descriptive analysis showed that the
original MEDLINE strategies could identify only 86% of all references; however, this lower sensitivity was largely due to one CR.
Conclusion: To the best of our knowledge, our findings indicate for the first time that the objective approach for the development of
search strategies is noninferior to the conceptual approach.  2015 The Authors. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Systematic reviews (SRs) serve to inform evidence-
based decision-making in health care. Information retrieval
in SRs needs to be performed in a systematic and structured
manner. The aim is to identify all relevant studies on the
question of interest. This requires both searches in several
information sources and the use of comprehensive search
strategies [1e3].
Searches in bibliographic databases are particularly
laborious and often comprise many search lines. The struc-
ture of the search strategies follows the PICO scheme (pop-
ulation, intervention, comparison, and outcome), whereby
only search terms related to the first two terms and to
certain types of study design are usually used [1]. Using
‘‘outcome’’ as part of the search strategy development is
not generally suggested [1].* Corresponding author. Tel.:þ49-221-35685-0; fax:þ49-221-35685-1.
E-mail address: elke.hausner@iqwig.de (E. Hausner).
http://dx.doi.org/10.1016/j.jclinepi.2014.09.016
0895-4356/ 2015 The Authors. Published by Elsevier Inc. This is an open acc
licenses/by-nc-nd/3.0/).Information specialists generally choose a ‘‘conceptual
approach’’ to identify appropriate search terms for the devel-
opment of search strategies. For this purpose, they use
different sources to identify terms and their synonyms so as
to cover the research question as comprehensively as possible
[1,4,5]. This means, for example, that if a search aims to
retrieve literature on ‘‘rheumatoid arthritis,’’ appropriate syn-
onyms and related terms for the free-text part of the strategy
need to be identified.With the conceptual approach, different
sources (eg,MEDLINE Plus or the Entry Terms of theMeSH
database) help to identify synonyms and related terms.
Several synonyms and related terms are conceivable in the
previous example, such as ‘‘juvenile rheumatoid arthritis,’’
‘‘Caplan syndrome,’’ ‘‘Felty syndrome,’’ ‘‘rheumatoid
nodule,’’ ‘‘Sjogren syndrome,’’ ‘‘ankylosing spondylitis,’’
‘‘Still disease,’’ ‘‘Sicca syndrome,’’ ‘‘Bechterew disease,’’
and so on. However, it remains unclear how to decide which
terms to include in the search strategy. Furthermore it is diffi-
cult, and might even be impossible, to determine when the
strategy is complete.ess article under the CC BY-NC-ND license (http://creativecommons.org/
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Key findings
 Objectively developed search strategies are nonin-
ferior to conceptually developed ones.
 The objective approach may be potentially superior
to the conceptual approach and might require
fewer resources.
 The lower sensitivity of the original MEDLINE
strategies conceptual approach was largely due to
one CR.
 Precision was not used as a quality measure, as the
validation of the search strategies was performed
without study filters.
What this adds to what was known?
 The objective approach is a reliable method for
developing high-quality search strategies.
What is the implication and what should change
now?
 The objective approach should be routinely used in
the development of high-quality search strategies.
 This is in line with the principles of evidence-based
medicine (ie, decision-making on the basis of
empirical evidence).
The Cochrane Handbook recommends the identification
of articles reflecting the inclusion criteria of the reviews
and the extraction of thesaurus headings and free-text terms
[1]. However, the Handbook contains no details on the
development of a structured approach. The approach cho-
sen therefore strongly depends on the personal expertise
of the information specialists involved.
In addition, it is difficult to assess whether a search strat-
egy actually identifies all relevant references on a research
question. Checklists for the assessment of search strategies
are available, such as the Peer Review of Electronic Search
Strategies (PRESS) checklist by Sampson et al. [6,7].
However, they are largely designed to identify errors in
the search strategy. Consequently, the assessment of content
of search strategies is largely based on expert opinions and
can thus be considered to be methodologically weak [8].
A more objective approach can help solve the limitations
of the conceptual approach and be adopted for those
components of the search for which no validated search fil-
ters exist (eg, population, intervention, or observational
studies). This approach comprises the following steps: gen-
eration of a total set (relevant references from SR), splitting
of the total set into a development set and comparator set,
development of the search strategy with references from thedevelopment set (analyzing information derived from the ti-
tles and abstracts of relevant references with text-mining
tools), and validation of the search strategy (checking
whether references from the comparator set can be identi-
fied with the search strategy developed beforehand). The
objective approach can thus be used to test whether relevant
references identified beforehand can be found by means of
a specific search strategy, thus determining the retrieval rate
of relevant references. A further advantage of the objective
approach is that, in the event of a larger number of hits, the
search strategy can be adapted on the basis of the available
evidence. For instance, whether a search term can be spec-
ified by means of a search for phrases can be discussed and
decided on the basis of the proportion of identified (or un-
identified) references.
This approach draws on already established methods for
developing and testing search filters [9e11] and is based on
the term frequency analysis of relevant references identified
beforehand. Our previous article published in 2012 de-
scribes this approach with a practical example [12].
We initiated three projects to further develop and vali-
date an objective approach for the development of search
strategies. In the first project, the aim was to develop a
more transparent selection and documentation of overrepre-
sented free-text terms and thesaurus headings identified by
means of text analysis. In the second project, which we pre-
sent in this article, a retrospective validation of the objec-
tive approach was conducted by means of Cochrane
reviews (CRs). In addition, a third project is under way with
the aim of comparing the objective with the conceptual
approach in a prospective study.2. Objective
The aim of our study was to determine whether the
objective approach for the development of search strategies
was noninferior to the conceptual approach commonly used
in CRs. For this purpose, we analyzed the sensitivities of
the objectively developed search strategies for relevant ref-
erences included in CRs.3. Methods
According to the Cochrane Handbook [1], the prepara-
tion of a CR requires a comprehensive bibliographic search
containing a wide range of synonyms, related terms, and
variant spellings. The approach for search strategy develop-
ment described in the Handbook corresponds to the concep-
tual approach.
Because of the high quality of search strategies in CRs,
the present analysis used references from CRs to assess the
objective approach. This corresponds to the assumption that
all articles relevant to an indication are included in the cor-
responding CR and that these are found by the respective
conceptual strategy.
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updated CRs published up to this date in the Cochrane
Library. To retrieve a sufficient number of references for
both the development of the search strategy and the evalua-
tion of the objective approach, we used only CRs including
at least 12 studies (and at least 15 corresponding publications
in MEDLINE). CRs that did not describe a search strategy
were excluded. In addition, we assessed whether informa-
tion retrieval was sufficiently comprehensive to identify all
relevant primary studies published in the search period of
the CR; that is, a search in at least two bibliographic data-
bases and one additional source (eg, a study registry) and
documentation of the search strategy were required
(following AMSTAR [13]). Of the remaining CRs that ful-
filled the inclusion criteria, 13 were selected randomly (see
Statistics and Results sections) and included in the analysis.
For each CR, the references included in the chapter
‘‘References to studies included in this review’’ were
searched for in MEDLINE (Ovid) and imported into the
reference management program Endnote, New York [15].
The references identified represented the total set and were
divided for each CR into (1) the test set: references for the
objective development of the search strategies, and (2) the
comparator set: references for subsequent evaluation of
these search strategies. The comparator set had to contain
all references published from 2007 onward, as well as a
random sample of 10% of the remaining references from
the test set. The rationale for this was that, in practice,
SRs on the topic of interest are often already available
and new searches should primarily identify newly pub-
lished references. The random sample of 10% was to
demonstrate that this approach was also suited to identify
older references. The information specialists (EH, TH,
UL, SW) received only the test set as an Endnote database
to develop the search strategies. They also received the
background section of the CRs, as well as the reasons for
inclusion and exclusion of the studies in a Word file. Infor-
mation allowing a direct inference to the CRs was deleted.
To prevent the information specialists from being influ-
enced during the development of the research strategy, they
were involved neither in the development (identification of
references in MEDLINE) nor in the division of the total set,
nor did they have access to references from the comparator
set. Persons not otherwise involved in the project performed
these tasks, as well as the quality assurance of the individ-
ual steps.3.1. Development of the search strategies
Four information specialists (EH, TH, UL, SW) with 1
to 6 years of relevant work experience developed the objec-
tive search strategies, following the detailed approach
described in an internal standard operating procedure
(SOP). This (German-language) SOP contains information
on practical procedures, quality assurance, data manage-
ment, and documentation.Previous involvement of all of the information special-
ists in the first project described previously was to ensure
a similar level of knowledge on the topic.
The Institute for Quality and Efficiency in Health Care
(IQWiG) guideline for development of search strategies is
available in Appendix A at www.elsevier.com and de-
scribes a specific text analysis process and the selection
of free-text terms and thesaurus headings.
Free-text terms were analyzed with Simstat/Wordstat,
Montreal [14]. Wordstat is a content analysis and text-
mining add-on module that extends the capabilities of Sim-
stat and is used to conduct a term frequency analysis. Terms
are ranked by frequency on the basis of information derived
from the titles and abstracts of the references. Thesaurus
headings were analyzed with Endnote [15]. Information
sheets on the individual programs are available from the au-
thors on request.
According to the previously mentioned guideline, free-
text terms were classified as candidate terms (potentially
relevant terms) if they achieved a z-score in Wordstat of
O20. The comparator set was a random sample of
10,000 PubMed data sets (population set) from 2010. The
choice of the cutoff point (z-score O20) was based on
experience from pilot projects. A high z-score in Wordstat
means that a term analyzed in the test set was markedly
overrepresented compared with the population set. If a term
was overrepresented, it was assigned to the category ‘‘pop-
ulation’’ or ‘‘intervention.’’ If this was not readily possible,
the respective term was clarified by means of sources such
as dictionaries and documented. Each candidate term was
then called up in Antconc, Tokyo, a freeware concordancer
software program [16] for identifying phrases and combi-
nation terms.
The thesaurus headings were selected on the basis of fre-
quency and then also assigned to the previously mentioned
categories. The time needed for the development of the
search strategy was documented.
Different software was used from that applied in our pre-
vious work in 2012 [12]. Tm in R was replaced by Word-
stat. The advantage of Wordstat is that it has a graphic
user interface and thus no specific technical knowledge is
required. In the present study, we analyzed thesaurus head-
ings using Endnote, as, unlike in PubReminer, no additional
work, such as the deletion of subheadings, is necessary.3.2. Quality assurance of the search strategies
After development of the first draft of the search strate-
gies, each information specialist involved in the project per-
formed quality assurance of the strategies (but not for the
ones she had developed herself). The quality assurance pro-
cess is outlined in the SOP and comprises the filling in of
the PRESS checklist [6,7] and the checking of the correct
application of the IQWiG guideline (Appendix A at
www.elsevier.com). For this purpose, the information
specialist was provided with the draft of the search strategy,
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with the test set. Her comments were discussed in the proj-
ect team, incorporated, and documented. The time needed
for quality assurance also was documented.3.3. Validation of search strategies
We applied the final version of the search strategy in
Ovid and saved the text file of the retrievals, as well as
the search strategy, as Word documents. In a final step,
we tested whether the references previously shifted to the
comparator set could be found with the objectively devel-
oped search strategies.
Validated search filters are usually applied to limit the
search strategy to certain study types [9]. This offers the
advantage that a text analysis needs to be conducted only
for the categories ‘‘population’’ and ‘‘intervention.’’ The
validation of the objective approach was thus conducted on-
ly for these two categories.3.4. Statistics
3.4.1. Primary analysis
The application of the search strategy produced an esti-
mate of sensitivity for each CR. This corresponded to the
proportion of references identified by the search strategy
in the comparator set in relation to the total number of ref-
erences in this set. Aweighted mean from these sensitivities
was used as an estimate of the sensitivity of the overall
search strategy (see Zhou et al. [17]). However, in contrast
to Zhou et al. [17], we weighted the sensitivity estimates by
means of the number of relevant references in the corre-
sponding CRs; these weights also were considered in the
estimate of the standard error. We constructed the 95% con-
fidence interval (CI) using the usual asymptotic confidence
interval [17].
Our aim was to show the noninferiority of the objective
approach versus the conceptual approach with regard to
their sensitivities. When testing for noninferiority, we
assumed that the search strategy presented in each CR
could identify all relevant references in MEDLINE (corre-
sponding to a sensitivity of 100% for the conceptual
approach). It should be noted that under this assumption,
a superiority of the objective approach is not possible.
The sample size calculation, based on a simulation with
100,000 replications, showed that at least 13 CRs were
needed to achieve the desired power of more than 90%,
assuming a sensitivity of 96% for the objective approach,
a noninferiority margin of 10%, and a significance level
of 5%. Our assumption for sensitivity was based on four
IQWiG projects [18e21] in which the objective approach
was used and extended by the conceptual approach. The
objective approach achieved a mean sensitivity of 99%
across projects. The value of 96% chosen for the present
analysis was thus more conservative. A noninferiority
margin of 10% was specified, as an evaluation of topic-specific filters on the InterTASC Information Specialists’
Sub-Group (ISSG) Search Filters Resource page showed
an average sensitivity of 90% (see ‘‘Other filters’’ [22]).
3.4.2. Additional descriptive analysis
In an additional step, to determine whether some of the
references not found via the objective approach could have
been found via the CR search strategy, we applied the orig-
inal strategies in MEDLINE (Ovid) or PubMed (National
Library of Medicine). For this purpose, we used the search
strategy documented in the appendix of the respective CR.
If more than one MEDLINE search strategy was presented
in a CR, the most recent one was used. We also determined
the sensitivity of the original MEDLINE strategies in the
CRs. These results were interpreted descriptively and did
not affect the inferential primary analysis.4. Results
The search for original and updated CRs produced 133
citations. After exclusion of 60 protocols, 73 citations re-
mained for further analysis. In a next step, 53 CRs were
excluded that included fewer than 12 studies or for which
fewer than 15 study publications were identified in MED-
LINE. Three further CRs were excluded, as they failed to
present a search strategy. Of the remaining 17 CRs, 13 were
randomly selected on the basis of the sample size calcula-
tion and incorporated in the analysis (Fig. 1).
A total of 470 references, considered in 13 CRs, were
identified as the total set in MEDLINE (Ovid). A total of
112 references were removed from this set for inclusion
in the comparator set; 358 references for the development
of the search strategies were therefore available in the test
set (Fig. 2).
The CRs covered a broad range of interventions, for
instance, ‘‘Home uterine monitoring for detecting preterm
labor,’’ ‘‘Antiarrhythmics for maintaining sinus rhythm af-
ter cardioversion of atrial fibrillation,’’ or ‘‘Abdominal lift
for laparoscopic cholecystectomy.’’ Six CRs investigated
drug interventions, six investigated nondrug interventions,
and one CR investigated both types of interventions (see
Appendix B at www.elsevier.com).
Table 1 shows the included CRs with the number of hits in
MEDLINE, the number of references in the test set and
comparator set, and the sensitivities for the objective
approach. The search strategies retrieved between 470 and
nearly 34,000 hits. It should be noted that the search strate-
gies were applied without the commonly used study filters.
The test set contained between 11 and 80 references
(median: 21) per CR; these were used for the development
of the search strategies. The comparator set contained be-
tween 4 and 15 references per CR.
Of the references in the comparator set, all references
could be identified by the objectively developed search stra-
tegies in 9 (69%) of 13 CRs. One reference was not
Fig. 1. Flowchart of included CRs. CDSR, Cochrane database of systematic reviews; CR, Cochrane review; IC, inclusion criteria.
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tified for one CR.
Overall, the objective approach yielded a sensitivity of
96% (95% CI 92%, 99%).
The noninferiority test showed that the objective
approach is noninferior to the conceptual approach of the
CRs (P ! 0.002).
The comparison of the approaches was performed on the
assumption that the MEDLINE references included in the
CRs were identified in MEDLINE by the search strategiesFig. 2. Referenceof theCRs,meaning that a sensitivity of 100% for the concep-
tual approach was assumed. However, in an additional anal-
ysis, reconstruction of these original strategies showed that
thiswas not the case for all CRs (Table 2). This reconstruction
was originally planned to determine how single references
not identified by the objective approach had been identified
in the CRs. It was shown instead that a sensitivity of merely
86%was achieved for the original strategies of the CRs (95%
CI 73%, 98%), meaning that the sensitivity for the objective
approach was 10 percentage points higher.s from CRs.
Table 1. Overview of included Cochrane reviews and results of the objectively derived approach
Indication Area Hits without study filters Number in test set Number in comparator set Found Not found Sensitivity
Blepharitis Both 2,411 22 9 9 0 1.00
Asthma Drug 1,410 31 15 15 0 1.00
Atrial fibrillation Drug 19,072 57 15 15 0 1.00
Female pattern hair loss Drug 1,296 11 7 7 0 1.00
Multiple myeloma Drug 2,271 20 7 7 0 1.00
Schizophrenia Drug 33,983 80 15 14 1 0.93
Stroke Drug 5,523 17 2 2 0 1.00
Aphasia Nondrug 6,159 25 12 11 1 0.92
Cholecystectomy Nondrug 470 21 4 4 0 1.00
Liver disease Nondrug 21,170 23 10 9 1 0.90
Preterm labor Nondrug 376 21 2 2 0 1.00
Smoking cessation Nondrug 3,142 19 9 7 2 0.78
Stem cell Nondrug 8,175 11 5 5 0 1.00
Total 358 112 107 5 0.96
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references from four CRs. Three of these CRs (on liver dis-
ease, aphasia, and smoking cessation) investigated nondrug
interventions. None of these five references were found via
the search block for interventions; one reference was not
found via the search block for populations (Table 3).
The original strategies used in MEDLINE failed to iden-
tify 16 references from six CRs; the search in additional da-
tabases and information sources seemingly compensated
the deficits in the MEDLINE strategy. Most (four of six)
of these CRs investigated nondrug interventions. On the
one hand, the original strategies of the CRs identified two
of the five references not found by the objective approach,
but on the other, they failed to identify three references
found by the objective approach (one each in CRs of
schizophrenia [23], smoking cessation [24], and stem cell
transplantation [25]). Three references were not identified
by either type of approach [26e28].5. Discussion
The findings of our study show that the objective
approach is noninferior to the conceptual approach with re-
gard to their sensitivities.Table 2. Overview of included Cochrane reviews and results of the original M
Indication Area Hits without study filters Number in
Blepharitis Both 7,844 22
Asthma Drug 1,495 31
Atrial fibrillation Drug 9,312 57
Female pattern hair loss Drug 1,286 11
Multiple myeloma Drug 1,170 20
Schizophrenia Drug 18,757 80
Stroke Drug 2,266 17
Aphasia Nondrug 3,869 25
Cholecystectomy Nondrug 939 21
Liver disease Nondrug 35,953 23
Preterm labor Nondrug 193 21
Smoking cessation Nondrug 10,273 19
Stem cell Nondrug 2,281 11
Total 358Further, it should be noted that the additional descriptive
analysis shows that the original MEDLINE strategies of the
CRs could identify only 86% of all relevant references.
This suggests that the objective approach might even be su-
perior to the conceptual approach, because the objective
approach yielded a sensitivity of 96%. However, it should
be noted that the lower sensitivity of the conceptual
approach was in particular due to the CR by Chauhan
and Ducharme [29]: an analysis without this CR yielded
a value of 94% for the conceptual approach.
Four of five relevant references that could not be identi-
fied by the objective approach referred to nondrug interven-
tions, indicating that searching for studies on such
interventions is a major challenge. This has been confirmed
by previous research on identifying relevant articles on
nondrug interventions [30,31]. The reconstruction of the
original strategies of the CRs showed that the conceptual
approach fails to solve this problem; five relevant refer-
ences from four CRs of nondrug interventions could not
be identified with this approach. We therefore conclude that
neither approach can solve this problem.
Three references could not be identified at all. However,
their bibliographic details show that even if further related
terms had been considered, it would have been difficult orEDLINE strategies in Cochrane reviews
test set Number in comparator set Found Not found Sensitivity
9 9 0 1.00
15 5 10 0.33
15 15 0 1.00
7 7 0 1.00
7 7 0 1.00
15 14 1 0.93
2 2 0 1.00
12 11 1 0.92
4 4 0 1.00
10 8 2 0.80
2 2 0 1.00
9 8 1 0.89
5 4 1 0.80
112 96 16 0.86
Table 3. References not found by the objectively derived approach
Topic of Cochrane review Citation Found by population block Found by intervention block
Schizophrenia Peuskens J. Prevention of schizophrenia
relapse with extended release
quetiapine fumarate dosed once daily:
a randomized, placebo-controlled trial
in clinically stable patients. Psychiatry.
2007;4(11):34e50. [21]
Yes No
Liver disease Mikagi K. Effect of preoperative
immunonutrition in patients
undergoing hepatectomy; a randomized
controlled trial. Med J. 2011;58(1):
1e8. [18]
Yes No
Aphasia Smith DS. Remedial therapy after stroke:
a randomised controlled trial. Br Med J.
1981;282(6263):517e20. [19]
No No
Smoking cessation Sinclair HK. Training pharmacists and
pharmacy assistants in the stage-of-
change model of smoking cessation: a
randomised controlled trial in Scotland.
Tob Control. 1998;7(3):253e61. [22]
Yes No
Smoking cessation Gordon JS. Tobacco cessation via public
dental clinics: results of a randomized
trial. Am J Public Health. 2010;
100(7):1307e12. [20]
Yes No
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identified references in CRs investigated a nonspecific
intervention (nutritional support [32]) or population (health
professionals [33]). The CR by Brady et al. [34] investi-
gated speech therapy in aphasic patients after a stroke.
The unidentified reference by Smith et al. [27], published
in 1981, provides only the general terms ‘‘rehabilitation’’
and ‘‘remedial therapy’’ for the category ‘‘intervention’’
in the title and abstract.
A major advantage of the objective approach was evident
in the analysis of unidentified references: it produced stable
results across all searches. In contrast, the original strategies
of the CRs produced outliers. For example, a CR on asthma
[29] failed to identify 10 of 15 references from the compar-
ator set. The reason for this was that the authors searched
for the drug class of leukotriene antagonists instead of
including the individual drugs in the search strategy. In addi-
tion, a CR on schizophrenia [35] failed to identify 25 of 80
references from the total set (data not presented) because
the authors limited the search strategy to maintenance ther-
apy. One of the strengths of the objective approach is partic-
ularly evident here, as the search strategies are developed and
tested on the basis of known references. In the case of the
original strategy of the previously mentioned CR, it would
have been quickly revealed that the additional search block
‘‘maintenance’’was an inappropriate limitation to the search.
The people involved in our study documented the time
needed to develop the search strategies and perform quality
assurance. The development of the strategy took a median
of 10.5 hours (range: 7.25e19.5) and quality assurance
took a median of 3 hours (0.5e6.75). However, these data
do not consider the time needed for preliminary searches,which are always conducted for each project and are very
important for the objective approach.
Instead of searching for single ‘‘key articles,’’ as sug-
gested in the Cochrane Handbook, the objective approach
comprises a systematic search for potentially relevant SRs
or primary publications. This step is also generally required
at the start of each IQWiG project for specification of the
research question and estimation of resources. Additional re-
sources for the objective approach are thus not needed here.
We did not identify studies specifically investigating the
time needed for the development of a conceptual approach;
thus, no comparison with the objective approach was
possible. Harden et al. [36] reported data on the time
needed for developing, testing, and implementing a search
strategy for MEDLINE for the topic ‘‘sexual health promo-
tion’’ (45 hours). However, the approach selected was
similar to our own.
On the basis of 37 meta-analyses, Allen and Olkin [37]
reported that a mean total of 588 hours per meta-analysis
was invested in the preliminary search, retrieval, and data-
base development. However, this also included several
other tasks, such as development of the protocol, screening,
and data extraction.
We found data on the time needed for the quality assur-
ance of search strategies only in a study by Crumley et al.
[38]. For SRs of hemophilia and von Willebrand disease,
the researchers involved required an average of 10 to
60 hours for the quality assurance of 19 search strategies
and the formulation of suggestions for improvement. The
comparability of the these data with our data on resources
is limited. However, the low number of hours needed in
our study for quality assurance (0.5 to 6.75 hours) suggests
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potential to save resources. We plan to investigate this ques-
tion in a direct comparison with the conceptual approach.
5.1. Limitations
The objective approach has a number of limitations. For
instance, three decisions still largely depend on the infor-
mation specialist’s opinion: the decision on which terms
precisely reflect the research question, the decision on the
use of a single word or a phrase for the strategy, and the de-
cision on the overall structure of the search strategy
(following PICO).
In addition, we used only CRs that included a minimum
number of studies and publications; this may have led to a
biased selection of topics. This could have largely resulted
in the exclusion of studies of nondrug interventions, as
fewer randomized controlled trials are available in this area.
However, a wide variety of topics were investigated in
the CRs, and drugs and nondrug interventions were equally
considered, thus indicating that the objective approach can
be used for very different research questions. But the ques-
tion arises as to whether the results of our study can be
transferred to situations in which fewer studies or publica-
tions are available.
It should also be noted that the validation of the search
strategy was performed without study filters, and precision
was therefore not calculated. Theoretically, this could have
been done, but first, the focus of our study was to analyze
sensitivity and second, an unrealistically high number of re-
trievals would have been produced. For instance, using an
‘‘AND’’ link, the objectively developed search strategy to
identify studies on nutritional support for liver disease
yielded 21,170 hits for the search blocks ‘‘intervention’’
and ‘‘indication.’’ For 33 relevant articles, this would theoret-
ically result in a precision of 0.002,whichwould not, however,
represent the ‘‘true’’ precision in a realistic project.
We are currently conducting a prospective study without
the limitations affecting the generalizability of the present
analysis: we have not specified a minimum number of
studies and publications for the SRs included and are also
testing the approach in non-CRs. In addition to sensitivity,
we are using precision as a further quality measure.6. Conclusion
To the best of our knowledge, our findings indicate for
the first time that the objective approach for the develop-
ment of search strategies is noninferior to the conceptual
approach with regard to their sensitivities. Indeed, this
approach may actually be superior to the conceptual
approach and may require fewer resources. Decisions in
evidence-based medicine are based on empirical evidence
and should be presented in a transparent manner. The use
of the objective approach in search strategies for SRs would
fulfill these stringent demands.Acknowledgments
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